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ABSTRACT

This cooperative education project focused on the design of the driveshaft, which is
the product in transmission and powertrain system.The aim of ensuring that the driveshaft
does not crash due to resonance when the car drives at the maximum speed ,Since the P60A
driveshaft program 1330 series, produced for the Nissan Terra, has a one-piece driveshaft,
that cannot be used common parts with the same model because it did not meet the critical
speed analysis criteria. To increase the strength of the driveshaft, therefore changed the shaft
diameter from 4.0 inches to 4.5 inches. In order to reduce company costs, the researcher had
to redesign this drive shaft. For common parts with other designs and passed the standard of
Dana Spicer. By using the equation of critical speed to find the appropriate length of the
middle shaft (Dog Bone) and designed other parts such as Flange Yoke and Slip Yoke which
are affected by the changing of middle shaft length. The design is used the finite element
method with Software SOLIDWORKS Simulation to analyze failure to improve the design and
reduce unnecessary material. The results are getting aluminum drive shaft, which uses a 4-
inch shaft and undergoes critical speed analysis, with a safety factor of 25.26% and reduces

production costs by 315,000 baht per year.
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® 35n15a9 Rayleigh — Ritz

/ Critical Speed of a Rotating Shaft - Rayleigh-Ritz method
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Nc critical speed(r.p.m.) (1/5)

nopi
g Standard gravity

6 vertical static deflection of the
shaft when placed horizontally (m)

NN 2 FNNTANNLIIINDAVAY Rayleigh

® 35015209 Dunkerley

# Critical Speed of a Rotating Shaft - Dunkerley's method

N critical speed(r.p.m.) (1/s)
2 I E young's modulus (pascal)

m - L3

N = 94251 J / Second moment of area (m%)

m mass of the shaft (kg)

L length of the shaft between points
(m)

NN 3 FNNNTANNLTIINDAVEY Dunkerley
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E  Material Modus of elasticity

D, Outer Diameter of Shaft

D; Inner Diameter of Shaft

p  Material Density

L  Shaft Length (Joint Center to Joint Center)

I Second moment of inertia

Mass of shaft

3

A Section area of hollow shaft
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1150 212.51 206.20 2.97%

1175 203.56 197.73 2.86%
1200 1956.17 189.34 2.99%
1225 187.29 182.24 2.70%
1250 179.87 175.25 2.57%
1275 172.88 168.55 2.50%
1300 166.30 161.94 2.62%
1325 160.80 156.14 2.90%
1350 154.21 150.80 2.21%
1375 148.65 145.33 2.23%
1400 143.39 140.06 2.32%

2.63%
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C.S.=0.92-30m

Configuration Factor = 0.92
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Former Critical Speed (P60A @ 4.5 inch)

1375.000

Juter Diameter 115.300
Thickness (mm) 2.100
Inner Diameter Di (mm) 111.100
Tire Size (m) 0.364
Max Vehicle Speed (kph) 233.000
Highest Axle Ratio 4.363
Material Aluminum
Density p (kg/m®) 2700.000
Modulus E (N/m?) 6.89E+10
Area A (mm?) 746.819
Second Moment through centroid J (mm?*) | 1.197E+06
Acceptable Critical speed (rpm) 9335.001
Actual Shaft Speed (rpm) 7408.131
Critical Speed (Hz) 160.684

Vehlcle Speed @Crmcal (kph)

303.230

Current Critical Speed (P60A @ 4.5 inch)

1353.000

Jiamet 115.300
Thickness (mm) 2.100
Inner Diameter Di (mm) 111.100
Tire Size (m) 0.364
Max Vehicle Speed (kph) 233.000
Highest Axle Ratio 4.363
Material Aluminum
Density p (kg/m®) 2700.000
Modulus E (N/m?) 6.89E+10
Area A (mm?) 746.819
Second Moment through centroid J (mm*) | 1.197E+06
Acceptable Critical speed (rpm) 9641.046
Actual Shaft Speed (rpm) 7408.131
Critical Speed (Hz) 155.583

(Vehlcle Speed @Crltlcal (kph)

aN9197 4 WisuifipudnmIsniEniwaI3k 1330 Variation 3

: 293.604
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d P6QA @ 4.5 inch)

1353.000
115.300

Down Slze Crl(lcal Speed (@ 4.0 mch)

hickness ( mm) 2.100
ner Diameter Di (mm) 111.100
ire Size (m) 0.364
[ax Vehicle Speed (kph) 233.000
ighest Axle Ratio 4.363
[aterial Aluminum
ensity p (kg/m?) 2700.000
lodulus E (N/m?) 6.89E+10
rea A (mm?) 746.819
econd Moment through centroid J (mm?*) | 1.197E+06
cceptable Critical speed (rpm) 9641.046
ctual Shaft Speed (rpm) 7408.131

160.684

ritical Speed (Hz)

303.230

101.600
Thickness ( mm) 2.100
Inner Diameter Di (mm) 97.400
Tire Size (m) 0.364
Max Vehicle Speed (kph) 233.000
Highest Axle Ratio 4.363
Material Aluminum
Density p (kg/m?) 2700.000
Modulus E (N/m?) 6.89E+10
Area A (mm?) 656.436
Second Moment through centroid J (mm*) 1.63E+06
Acceptable Critical speed (rpm) 8474.670
Actual Shaft Speed (rpm) 7408.131
Critical Speed (Hz) 141.245

peed @Critical (kph) 266.545
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ickness ( mm)

1353.000
101.600
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amete!

Purpose Critical Speed (9 4.0 inch)

2.100
ner Diameter Di (mm) 97.400
re Size (m) 0.364
ax Vehicle Speed (kph) 233.000
ghest Axle Ratio 4.363
aterial Aluminum
nsity p (kg/m?) 2700.000
odulus E (N/m?) 6.89E+10
-ea A (mm?) 656.436
cond Moment through centroid J (mm*) 1.63E+06
ceptable Critical speed (rpm) 8474.670
>tual Shaft Speed (rpm) 7408.131
ritical Speed (Hz) 141.245
chicle Speed @Criti 266.545

Vehicle Speed @Critical (kph)

( r Dian 101.600
Thickness ( mm) 2.100
Inner Diameter Di (mm) 97.400
Tire Size (m) 0.364
Max Vehicle Speed (kph) 233.000
Highest Axle Ratio 4.363
Material Aluminum
Density p (kg/m) 2700.000
Modulus E (N/m?) 6.89E+10
Area A (mm?) 656.436
Second Moment through centroid J (mm*) 1.63E+06
Acceptable Critical speed (rpm) 9279.431
Actual Shaft Speed (rpm) 7408.131
Critical Speed (Hz) 154.657

291.856
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6 w45 MILURPUANULIIVBIDog Bone




49

mnmmmufnao AU uuwmmma Dog Bone Y\QJﬂ’]”IEJEITJ 1293 mm %%Nﬂ'] Safety
factor of Critical Speed Insides 25% 'na@ uelaonanulain Crltlcal Speed 9279.431 rpm umﬂu
m‘nﬂaammsamavlmmadmmsmswmmmtum Slmulatlon E]ﬂﬂid G]’\&JLLWJI%?J'Y]&JH’W}JSULLH
1luaauusn Lwaﬂm configuration factor = 0.92 Inaumssaiufiuiuowidianuiiinga an
NN33189AITIZNINNTN

AMPRES
9.461e-01

Model name:dog bone 1293 8.673e-01

Study name:Frequency 1(-Default-) i
Plot type: Frequency Amplitude2 ocaeUl
Mode Shape : 2 Value = 175,29 Hz :

Deformation scale: 0.140853 b Losec Ol

6.306e-01
5.519e-01

3.154e-01
2.366e-01
1.578e-01
7.892e-02

8.484e-05
E=ZIMode shape: 2[Z=]
7 mwi 46 AN573n0 @289 Dog Bone 1¥UA1NNNT Simulation
1NANSSimulation WUAIAMNLITIINDAVDILWET ANVYTD 1293 mm IUNA 4 fin fdn 175.29
Hz 175.29 X 60 =10517.4 rpm 9aNN1 9279.431 rpm ANFATIBY AW Lﬁaé'omqmml,uﬂﬁu
MIUsuauE) drannIdwmesadasansuInndn LazN1I9aNLUULWAT Dog Bone wwui
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a. Part description

b. Static Strength

c. Impact Fatigue

d. Bi-directional Fatigue

e. Uni-directional Fatigue

f. Sleeve Yoke Sealing

g. Sleeve Yoke Sealing

h. C/J Mudbath

i. Anti-corrosion performance

j. Critical Speed / Tube Hammering

I@rfmemmwamsmaawwsvmﬁmu’l,@mu"lumu mﬂaﬁmmwmmm@m’nmwﬂwam
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Data

Actual
Experimental Safety
Critical Speed (rpm) Error Shaft
Data factor
Speed
Dana
9,641 13.61% 30.14%
Database
S Foundation
£ 10,411 6.71% 40.54%
o Formula
N 11,160 7408
e Simulation
< 10,873 2.57% 46.77%
2 Data
Experimental
11,160 - 50.65%
Data
Dana
14,482 7.45% 87.35%
Database
S Foundation
£ 15,638 0.06% 102.30%
< Formula
S 15,647 7730
<« Simulation
S 15,240 2.60% 97.15%
o Data
Experimental
15,647 - 102.42%
Data
Dana
9,080 9.38% 33.14%
Database
= Foundation
£ 9,805 2.15% 43.77%
< Formula
S 10,020 6820
< Simulation
S 9,240 7.78% 35.48%
o3 Data
Experimental
10,020 - 46.92%
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Simulation uuﬂaw’m‘lnammnmm mamnma‘sﬂumnunmmafnaumﬁUlmwm‘ﬁm LL@I’)’]I@IEI
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I@]?.I@‘lﬁ]’]ﬂﬂ"lWi’)NLLﬂ’)ﬂ’]ﬂ’)’]&JLi’]’JﬂQ@]ﬂ’NE)\']'Y]ﬂﬂ’m'lu@ﬂﬂ'ﬂ mmaawsamm@muuumﬁ

ﬁm@hmnawmﬂm AfaiUasanvuazil Safety Factor 11nNN31 30%

3.4 N153ANITILHLINAITUNUANAIING

13,8991NN158AANNYTI VB9 Dog Bone asrnldasfimaAuanueizaImniwn e i we

yaanaduldsnsuanuai

Current Dlmen3|on(P60A 4.5 mch) : 7 7
- Purpose Dimension( 4 inch)
oke-Yoke len r | 1353.000 - ,
ke-Yoke ler m)-L 1293.000
Tube Yoke1 Length (mm) - L2 56.400 = ;
Tube Yoke1 Length (mm) - L2 59.000
Tube Yoke2 Length (mm) - L3 103.900
Tube Yoke2 Length (mm) - L3 59.000
Tube Length (mm) - L4 1192.700
Tube Length (mm) - L4 1175.000
Slip Yoke Length (mm) - L5 215.000 \
Slip Yoke Length (mm) - L5 215.000
Flange Yoke Length (mm) L6 41.100
Flange Yoke Length (mm) - L6 41.100
1609.100 2 : T
1549.100

AN319N 8 ARsuifisuanusneswauuuiiazaanuuulny

ﬁ]'m@m'nLﬂ%‘ﬂmﬁslmﬁuumnﬁwhﬁi:U:meiﬂlﬁﬁaamﬁmﬂﬂL'Yhﬁ"‘u 60 mm. LR

s @ aIRNN130@T282 U9 Slip Yoke LAz Flange Yoke I1NALN Len TRz RN Uz la a1n

mMIUInE ﬁﬁmmmuaﬁmmmUaammufiaﬁumﬁ@ﬁdﬁ IiRuszozaananni 2 duringiu e
30 mm. T@summmmu

1.1 \fia997n Cross hole summary ﬂmsmswmawumumﬁaa {267 Cross hole #lA3U

MNS0ANLD UL AETEITULTINIFEIRIUATNAMINGND UaE e SN lag TN 8T U ULE

s asulrduladinied awasrndwuylidita LLNYII"EI‘LLW\?EJBHLL‘]JU;J

6130LwiLLsﬂmaﬁﬂﬁLﬁﬂmm@mﬁﬂmam‘lﬁ lagianie ahumaﬁqmaa Cross Hole 4]

:‘].ﬂ’ﬂuﬂ’]i 2aNULULTWINWR
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1.2 @13 Specification Tender U84 Nissan ﬁmsﬁmumgugeq@ﬁmeifummsnﬁwvléﬂﬁﬁaa

v
1A & o

1 1 v v A v a
so lagaanuuuannszazuazdasinaldviassn magumaunmmamlmﬂﬂ Secondary

Do

a '

Couple Force LLix‘]ﬁLﬁ@ﬂ’]ﬂﬂ’ﬁ‘lﬂﬁ}!%uazﬁ?QNT@GLW&’]‘IJVU sIdNaganITasnLluy Cross

hole BNLTUNY AIH ﬁﬁvlﬂﬁ’\ﬂﬁiﬁm:U:ﬁo&aaﬁm‘lﬁmwﬁm:ﬁﬂﬁqugaq@mauwmﬁu

aswly
<1r 352 Change NES No.
3-7-1 f : #1:20.5deg
- 6 Joint Bending angle: Changs.daiskRending. 0000 #3:20.0deg
\VarS
#1:215deg
#2:21.0deg
#3:20.0deg
w47 qulﬁﬁaomwﬁm DILWAN 4.5 912
\mﬁ CENTERLINE B
ANGLE 1
Sbls
ANGLE2
CENTERLINE A 1 L

CENTERLINEC

MW 48 &gwaamem‘“uﬁmaﬁa'lﬁﬁaamym‘
13 luns=UInmMIKAaTtasanMIainanarsiuann ¥inlwdsld Jig Fixture Lenagnns

aammuﬁvl,ajauqaﬁ]zdwa@ia ﬂ’ﬁaaﬂLL‘]_IUﬂ'ﬁ‘U']a’]%‘Jﬂﬂ&] LW?W:?:UZﬁﬁ@B@ﬂN’W’]ﬂLaN

sl
Purpose Dimension( 4 inch)

Trial Yoke-Yoke length (mm)-L1  [ESUIENUNe

Tube Yokel Length (mm) - L2 59.000

Tube Yoke2 Length (mm) - L3 59.000

Tube Length (mm) -14 1175.000

Slip Yoke Length (mm) - L5 245.000

Flange Yoke Length (mm) - L6 71.100

1609.100

0.000
719N 8 LLﬁ@‘I\‘m’]T‘iTﬂﬁiiﬂ’ﬂuﬂﬁ’nwaﬂlﬂ&i
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3.5 n1308nuUY Slip Yoke
o A v 0 A : [ & v
AeInNTLIzBzAdashanAslun1saanuuunues Slip Yoke THu1niudaaniaeaun
Asonfedainnue vaUIalkNITaaNULUY SneMzARIRTaI TR Tafnuaniainaailums

@T@ﬁuqmmw%umuﬁaaﬂLLuudwmuﬁ?a‘lﬁmummgm

M 49 Slip Yoke Wi duRngiulunisesniuy

ﬁnnimﬂu"ﬁua’m Slip Yoke U8JLWa1 P60A luﬂaauu T@mmvxumﬂumu‘nlamam
Universal joint mumum Spline 3¢ aaﬂ"l.’mumuaamaaaa’ml,maowmm%mmumaamu Spline
qmamauazmumg Dog bone

Fa31NANITDaNUUL

1.59n3MnualWlE J8q S45C Forging wilawdulasligasnisiaou swwasieas
2 \sign3n3n1U AU Cross hole summary

3. ﬂﬂmsaammwfumulmjﬁaaﬁ FEA 70950 laoldunasgiu a1

4! ‘lmﬂmawumaﬂnnmaamwm%u@"lﬂu PPAP

v

5.FEA @]EJ\‘]N'WWYI\‘] TONUATDI AU mﬂﬂ?ﬁ%ﬂmﬂﬂﬂﬂﬂﬁ%ia‘ﬂdﬂ

6.FEA mimaaummm@aaﬁaumwgumﬂmwmﬂmm T NIANUTBNININUA30-300 %

q

7. m3oanuuul¥ag Parting line 13

g.smtinlasnldifinwaniua
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It aaLEIusef 1B w1 magey
lFnnesauanusLunan

Dana Standard

1. Bi-directional Torsional Fatigue Test 1630 Nm — 100K cycle
2. Bi-directional Torsional Fatigue Test 1430 Nm — 500K cycle
Nissan requirement

3. Bi-directional Torsional Fatigue Test 1850 Nm — 35K cycle

385n1580nuLY

v []
NS NLULATINA

i ada

LﬁaamnLfa'auvlmmsaaﬂLLUU@Tmm{LﬁﬁﬁmﬁnﬁfaUﬁq@%mmmﬁﬂﬁ 2 A5AanTHadIun
Iwnasenduyaass wisliagiusplineaan
1.§519u0Y 3D 910 Slip Yoke lagfaraanunasss 8n 30 mm.

WA 50 1W3puLfiny Slip Yoke ﬁmgl,muma iy LRTAUULUY
5 $apsanudemefifiaduannisan Taan1s Simulation spldsunsa SolidWorks
1. Bi-directional Torsional Fatigue Test 1630 Nm — 130K cycle (+30%)
2. Bi-directional Torsional Fatigue Test 1430 Nm — 650K cycle (+30%)
3. Bi-directional Torsional Fatigue Test 1850 Nm — 45.5K cycle (+30%)
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3 1as1aaIaNULEnIaINMTAN faddin13vin Static simulation non

Study @
v X ™

Message ~

Study stresses, displacements, strains
and factor of safety for components
with linear material

Name A

Static 4 |

General Simulation A
Static

[ use 2D Simplification

o

=l
‘QU Frequency

Des:gn lnsvght v
Advanced Simulation W
Specuahzed Simulation v

Y

MWN 51 Laaﬂiﬁu@ simulation LUy Static

v '
as a A

4.98nidanEq &319 Library T m%mmmnuu’lmauaﬂmaum\maﬁa ngne el

,./" Axis1 v E mat ,:_I_‘ J“ Bt YRR Q
e Default failure | i |
» @ Split Linel 1 :g— Custom Plastic criterion: M ?L‘I_OM“HM!{E_SVSHS s
< 1“ Description:
. |
£ k| Source: r
s | 5 [iE) s021669.P-2 Undefined
v A | Sustainability: fidetine
@X static 4 (- ‘ b . FY-17.8-final-2 ¥ N g ¥
f | =] part,5002313,Flange Yoke,004,0 T [value
?3 Connections | > B FYstart Elastic Modulusu% ~ [2.06839e+11
£ Fixtures | > FY-origin test | '
ia External Loads 3 E FY -1 test nosnap.
’ :
@ Mesh | 5> [ FY finaltest
Result Options * 5 [ FY trial-standart1 =
3 FY-17.8-final
| 1572256000
> 5021669_P
! > i3 1008101281 v
| ’ >
Open. ;épi’w 5’3“' ,C;J"{ig"' [‘i{elpi

ﬂ']‘W‘Y] 52 E‘TS’Nﬂ&GLﬂUﬂﬁLE‘INU E‘WlLWE] simulation

9
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5..8anTha Fixture a%”wumumwgu 1& External Loads LUy Torque 2419 1430 Nm ANHH
lianuwIaMesh LazA&N Run

“y—

>
= 1) Lt e & & B
% Fixtures External Loads Connections Shell RunThis Results c i o = @
PP  advisor Advisor Advisor e Study  Advisor ompar i
sterial Manager Results

Sketch 1 Evaluate i MBD Dimensions | SOLIDWORKS Add-Ins ! Simulation ! MBD l Analysis Preparation l

L M :FY-17.8- S B 2L d R . B - 2
, —_| Mosnmeriatu SO EPEE-0- @
% ‘ E ! 'e I e?;; Mesh type: Solid Mesh

v

| Axist A

» A Split Linel

[ YT B
< >
-

¥ A\ Static 1(-Default-)
T Fv-17.8-final (-AISI 1045 Steel-) H

@3 Connections
x; g) Fixtures b
(X Fixed-1 ﬁ
¥ L& External Loads
& Torque-1 (:Total: 1,630 Num:)
& Mesh
Result Options
4 A Results

X

AWA 53 Slip Yoke N¥NM3LaBUaD

6.8 UNAINNANNLFIRIBLLUStatic Von miss

von Mises (N/m”2)
4,557e+08
4,177e+08

3,7%e+08

’_ 3.418e+08
. 3.038e+08
2.658e+08
2.27%+08
1.899¢+08
1.519e+08
1.139e+08
7.597e+07
3.800e+07

2,13%+04

—p Yield strength: 5.723e+08

n4

AN 54 WAINNNIT simulation LU Static
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v X M

oyclic loading defined by constantor A

variable amplitude events

Name

General Simulation
Design Insight
Advanced Simulation
(e sucking
Fatigue
&) sl B
‘L@ Nonlinear

mtigue 2 J
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7.18an New study Fatigue constant amplitude event

®

. 4

AN 55 LRanlyaa simulation WUy Fatigue

Elastic Modulus

Add Event (Constant) @
Vo XN
Message A

Results depend on event interaction and
other settings. Right-click the study and
select Properties to specify the desired
properties

Load N
e [0 &
# VZerro B;Qed (LF;Q):' ’ 7_”" Aj\;l
Q, [No[study [scale[step |

1) Static 1 il NA

8 148N Add Event finnnas I wInsay A1 130000 38U 1Aan S-N Curve derive from Material

T 56 fruasiwiuseuluniImasey Fatigue
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9.a&Nn Run this study AANY Life Result ﬁ;@ﬁﬁaaﬁ]mmsmu@'hq@ﬁa 868500 JAUKWINTAN

'0' A
» @ splitLinel
< i >

Y-

@ Fatigue 1 (-Defauit-)

@ 5021669_3-4 (-ASME Austenitic Ste

’ Loading (-Constant Amplitude-)
Result Options
’ Report
Y Results
@ Results1 (-Damage-)
@ Results2 (-Life-)

v

Max:

AN 57 WAaNINARAY Fatigue

L4
s

Min: 8.685e+05

1.000e+06

Naﬁwuamauﬁtﬁmmﬁmﬁﬂm zlmnmwﬁ'\mnm‘saammuﬂiaﬁ 1

91nn1s Simulation dautdawlasng g lanadid

Torqué Standard Minimum Minimum Pass a
(Nm) Cycle Life Cycle life Criterion
1,630 130,000 868,500 Yes
1,430 650,000 195,500 No
1,850 45,500 - -

61571971 2 ULRGHVWIAVAILORLNUGLAIBLNLEN von mises stress

Total Life (cycle)
1.000e+06
9,890e+05
9.781e+05
9.671e+05
9.562e+05
9.452e+05
9.343e+05
9,233e+05
9.123e+05
'“'- 9.014e+05
_ 8.904e+05
8.795e+05

8.635e+05

%’mmswﬁ 2 %ZW‘]J’jﬂﬂ']SaﬂLL‘]JULLUUﬂ 1 VL&]Dh%Lﬂm‘VT m’méﬁﬁ 2 ﬁovlﬁ"lﬁﬁ']mﬁ'\aaa

ANNAGD
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AM30aNUUUASIN2
LﬁaamﬂLfa’au"lmmiaammmTaamﬂﬁﬁﬂmﬁﬂﬁaUﬁqﬂﬁaﬁﬁmsﬁ@ﬁ@dm Spline aany
@599 8n 30 mm. anuulinainun Spline Quiy 25 mm fiak Welch plug

MW 58 SY Aihnstavaan

BRINADNLUY 3D L AFnIuIwnToh Suduanuiianluanuing 3 Loy

1] ¥
Nammmauﬁmmm'\mﬁﬂm EIQ"Iﬂﬂ’)’]Ngﬂﬂﬁﬂﬂ1iaﬂﬂllﬂﬂﬂidﬁ 2

M3 Simulation dapiiawlud1selanaasii

Torque | Standard Minimum Minimum Passa
(Nm) Cycle Life ( Cycle life Criterion
1,630 130,000 [e'o) Yes
1,430 650,000 752,600 Yes
1,850 45,500 0 Yes

597 9 AmnTauTAaANULFYINEIINANNI

A15ILA31EY meshing

mslilUsunsa SOLIDWORKS lun13 Simulation Fuu TansnfouisiWludiafiund
wasaINENILUL $1889 MTayaus: ﬂmau‘uma@ Laaﬂil]LL‘lJ‘Llﬂ’]SEJm]U wazlilisnIoms
inaaulmatuBu Zineasrnidudrdudalife Meshing 2o dumautsdueueaniduafiuud
LG pInTwlUsunINa: syinsmdaaudpdsiWludiafiuud 3 %359 Meshing LANATANID
FwganuiFenie lailni waidasnluandeszauitonda fAezunulddinadanisiiuig H9ms
%me:ﬁﬁlﬁammm@ﬁmm:auumaa Tagmyaiaeiasildaingng :MNuuUsIaad Static msld

Torque l#UMSlip Yoke 1630 Nm



61

.
— E &
| Node:
X, Y, Z Location:| 22, -6.9¢-09, -59.1 mm
% Value:

MWD 59 Lﬁan'g@ﬁﬁh Stress

Mesh g . Stre: BRI o

(mm) | 22,-6.9e:09,-59.1 | 28
80 26.87 10.89 23.06
40 24.78 10.94 40.1
20 26.63 10.99 26.87
10 25.08 10.64 25.97
5 27.48 10.93 24.45
4 27.1 10.83 24.88
3 26.51 10.92 23.77
2 25.02 10.8 24.54
1 27.22 10.92 24.62

@157971 10 Stress IINNTILATIESA Mesh

mn@m'\oLLamwaﬂ:Lﬁu"L@T’h‘LwﬁwLLsnﬁfu mesh TU19 80 40 20 ANTUNIIVBIAN

Aautrenn naanfivhFuasly uazsinledn Stress Aaut19%d B8990 Mesh 5 mm 893109 2.5

(>3

UT79 Mesh Nnztinde 2.5-5 mm 2 anaaa Tz lMluY Curve mesh UasH avinla bt Mesh

[
€ A v

A \ A T v o 0 wa Aa wa A
PP1A 5 mm LUD Curvature base mesh ‘U\‘]Lﬂuﬂ’ﬁu‘mLN’EN’JINY]’]'L%’JL@]T]&‘MW%Y]N’JIva(ﬂ 18U

3.6 ni1saanwud Flange Yoke
NNT88nuUL Flange Yoke 1hulLan@1931nn13aeniuy Slip Yoke TasFwdaiiasannisiian

& d' Qs | I3 1 it - A st L ' ¢ .
‘uaaLLWaaﬁuuLuaamma@pﬂumaﬂma Ductile iron Grade D100-65-03 Fauanwndneniti Slip
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Yoke anneitudadaslimaiianzwzuing samiuus yafihazidugeingd wanNHos ldaunIm
TS ldandos

WA 60 Flange Yoke @iy

mﬂsﬂmu"ﬁmm Flange Yoke 283lWa1 P60A ‘luﬁﬁmuu Immuv‘umﬂummla‘ﬁa
@8 Universal joint m@amnu Dog bone gaudneuldu Pilot guide ﬂl’ﬁ’luammaw'}ﬂumu Axle

‘IJSO?E]U‘LW]

2a31NANITBNUUL

1.63asrmualild 79 Ductile iron Grade D100-65-03 wilonanlanlidasn s w
waneLeas

2 l8igunIaLlABwiuy Cross hole summary

3. ﬂﬂmsaammu%mmlmjﬁaaﬁ FEA 59930 laglduasgiu ah

4‘lmmauuma@nﬂmaamuﬂmmvl:ﬂu PPAP

5.FEA ¢adrnuns Tavuaad anun mamvxuwaaaﬂmmamﬂ

6.FEA m‘smaaumwmﬂaoiaumimumnquwmmmwmv%mm]“aﬁ”mu@so-soo %

7.mssanuuuliag Parting line ‘17

8.snntinlag s ldfimmaiudy

9.yuvain Lilfin 7 aseniiipsannazdanansznusagvasluan

10.918993 Pilot Guide &8
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Inasianaudusefiigiwnmasay
IFmnaseuanusLdunan

Dana Standard

1. Bi-directional Torsional Fatigue Test 1630 Nm — 100K cycle
2. Bi-directional Torsional Fatigue Test 1430 Nm — 500K cycle
Nissan requirement

3. Bi-directional Torsional Fatigue Test 1850 Nm — 35K cycle

]
=

Taganmydtamezianuaaes SY ¥inlwiin Test 1430 Nm — 500K cycle Wuvavransiin

nfige satussldm e nsianuduuuiidunan

38n150anuuY

ﬁ]’mﬂ’]iW(ﬂﬂﬂﬂiﬂ‘i:#’]ﬂﬂ’lﬂ’)ﬂiaaﬂLL‘]JfU ﬂi’]ﬂg’)’uﬂﬂuﬂiﬂk@adﬁﬂﬂlﬁ mwumumu@ Part

1

mmﬂumaﬂﬂﬂmsu 1350 "ﬂ\‘]lelﬁ’]ﬁJ’ﬁﬂl"]j‘i’)Nﬂ%vL@] I@m’mmmwumaamaaﬂmazm 41.1+30 =

71.1 mm. m%umuﬂﬁnmmuummm £19 67.2 mm idalnadssianltdredslduanaini

Flange Yoke s;uﬁﬂ‘m‘fluéﬁashwaamsaﬂLﬁamuﬁ"l,;iﬁmﬂmﬁaa@ dunuLaziEnINENeY

: g
131NN

&
AANINNLUAUBNY

HHUBIY

Sl fillet 7

Anrudauy

SANHole

FANANN

{Feaaavia

M 61 TaspfayNainasanisaaniuy
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o o @ =3
TJosadiauninananl1LLaILII209 Flange Yoke

o

1.40229% Yoke
9 u

ﬂ’TW‘YI 62 &JSJ“IJE’N‘HFY

mnmsmmmumaaawmwumawuuuwa@a é1 stress Aantrasnnlasiawnziifayuasy
a7 7 aseinazanadanadaiosluarildainniaainmeiil Fatigue Test 1430 Nm — 650K
oycle ngnanIndszifinasneasni glddn d1e von mises stresses LaitAin 200 MPa 2z wNmAs Ler

I@]Uﬂx‘iﬂ”l‘ll amu"\.@w@aaoamuwmwmm%mmaaﬂmu Naﬂi“"ﬂ‘ﬂ%{‘l&la’] Ul’ﬁx‘i’]u‘ﬂﬁ%

Ak \\(hifes
) | Cycle(rev).
664,300
607,800
395,700
4 412.8 124,600
@137971 11 Stress IMNMTIATIZHA Mesh

e A v v
2 5aiANAIBaIN DI

M 62 seanulaarias FY
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Curve : Von mises
Radius(mm) stresses (MPa)
19 421.0
20 408.3
21 399.2
22 394.5

615797 12 Stress INNITIATIZH Mesh
mumw;ﬂmmmmnmswawmwmmmnmsmmuaaammamo‘l‘snmﬂmmuimwuaﬂnwmﬂ
ﬁaw mmruawwmnmamnmﬂuaﬂﬂmsJ Snagsfie ANUFITAINAN shgafinlazdinada Cross Hole 6

@N%‘H S@dl 22 mm ﬂEJ’TILﬂuiﬂ&luﬂﬂﬂﬁ;{@LLa’Jﬁ]’]ﬂHQﬂQ 7 23¢N

3.5a4 fillet NAANVEING

MW 63 36 fillet NAANURIWAFY

Fillet ﬁu‘%nmamﬁuwﬁvl,ajﬁmmmﬁuﬂuamwﬁmnmsmaaoﬁwmﬂuﬁaé’mﬂ”mazmmﬂ
LavinlainlunsauFuassin filet "lmwwwuml,a*viumimm Yoke faudinazyinldanuinm
NMSNARBUAMNEN tdagsBay udtiiasan Cross hole vl,ummsmﬂawuﬂao‘lﬂmumo

laiaasidenld laoyam 7 o Sadldaftas 22 mm & sed Fillet gigada 17 mm.
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4.5¢3Hole

WA 64 S@l 3LENzgFY

Hole ~ Vonmises | Life
radius(mm) | stresses (MPa) | Cycle(rev)
13 399.2 638,200
14 394.8 654,100
15 394.5 664,300
16 3924 657,800
17 394.8 648,600

@1919% 13 Stress IMNNTAATIZH Mesh
ﬁnnmﬁaﬁ]‘vl,ﬁuvl.ﬁdwhmmL@Tumnmsmﬁﬂumm@gifuvlﬂﬁﬁmﬂﬂ?iwuﬂaamﬂﬁﬂ uel3
Jaduwa 15 uuumﬂms‘l‘mmmaa Flange Yoke m'mm
uanmnmﬂmermuLmeuﬁﬁ)ﬁmauGjan‘ﬂaowa@a mmJawummmmﬂ;ﬂwmuuﬂ
uamrmu,mum‘nmLumaﬂmamuaaﬂLwaa@m%uﬂmauwmmuhsmu mawawa"tuuwam”m
GH] meawvnmmaﬂmmwamnmamﬂlmd'\un’\"l,uusa Aaanuidunnninit
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Qs

9ANM5 Simulation daBLIawludns g laHaai

Torque | Standard Minimum Minimum Pass a
(Nm) Cycle Life Cycle life Criterion
1,630 130,000 263,200 Yes
1,430 650,000 664,300 Yes
1,850 45,500 107,700 Yes

#5197 14 Stress INNNITIATIZH Mesh

Total Life (cycle)

1.000e+06
9.222e+05
8.444e+05
7.666e+05
6.868e+05
6.110e+05
5.331e+05
4.553e+05
1 3.775e+05

_ 2.997e+05

B 2.219e+05
1.441e+05
6.630e+04

e

c
Max: | 1.000e+06

WA 65 NanINagauved Flange Yoke Lnal
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NANIIALbIIT

41 HANARNIANT

dasniduliseafifigatuniseanuuURAaA A Sartanaan sl daa Fugwna Ty
snondausulsznaylldae

1.Dog bone agﬁtﬁyw‘fmﬁ safety factor 289ANW3INDA 1w 25 % maammﬁagaq@ﬁm
Juledon lapaaanuenIves Dog Bone 89310 1353 mm. (T4 1293 mm. UaTAAUWIALEWHIL
AuinaN9aIN 4.5 il 4 i T,@Umiammmamaaamusuuaawa Idiwinlasmnves
WETLanas LazEEanTals Tube Yoke agada1usan Part dganunuiwandy Variation
auqlmu 1330 L

2.Slip Yoke Gafimaifisaany ARABI0ITU ANUEINaAaIad Dog Bone Tanfinmafy
899N UBLEI WY Spline 9 Cross Hole 8n 30 mm. 970 215 mm. naedu 245
mm. g Slip Yoke fignu1snsassuanusa1uanasgua fliirasuas Nissan motor Lo

3.Flange Yoke ‘N&lﬂ’liLW&lﬂ’n&m’nﬂ’mﬁ’mm Cross Hole 8N 30 mm.LTUN% I@]UL‘lJaam

ANNUENIINN 41.1 mm. v 71.1 mm. LLG:N'\%QJ’]@]?E’]%%ﬂdﬂdﬁﬂx’l‘l_l'ﬁ:}ﬂl,’ﬁ%ﬂ%

4.2 WRIINNITDONUUUNRAATEY LKA

1
1 o

LuaomﬂmiaaﬂmeuLwm’ﬁ‘ﬂmﬂmm’l;ﬁmwiammmm'w @”ﬂﬁ%ﬂi”lﬂ“ﬁﬁvlﬁ%'uaahau,snﬁa
mia@mmmmﬂaamaamn ﬂmuu mmavlﬂL%asmmmwwa@ﬂaaamuﬂmw‘lm lavied
l’mflmmﬂmmmmmaa@mmmmn‘[umﬂauammm smmmsmwwamnamaau"\mm
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NG 66 Raw Material figosaanuuULANLANLANDLERETIAN
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